Eight newborn piglets were randomly assigned to two groups. All of the piglets were fed with a milk replacer using an "artificial sow". Three times daily for six days they received physiological saline (0.9% NaCl) (control group, n=5) or leptin at 10 jLig/kg body weight dissolved in physiological saline (experimental group, n=3) administered intragastrically. The piglets were then anaethesized, the entire gastrointestinal tract removed, and fragments of the duodenum and mid-jejunum were harvested and their in vitro motility was measured. Despite lack of differences in body weight, the piglets treated with leptin showed differences in the weight of the stomach and pancreas and length of the ileum in comparison with the controls. Administration of leptin also significantly affected intestinal motility in a manner characteristic of the particular segments (P<0.05; PO.01; PO.001, respectively). The spontaneous contractions of the duodenum and its response to acetylcholine and isoproterenol were higher in the group of piglets treated with leptin than in controls, whereas segments of the jejunum behaved in the opposite manner. The experiments will be continued in order to confirm these results on a larger number of animals.
INTRODUCTION
Leptin is a 167-amino acid protein, produced and secreted by adipose tissue, muscles and the reproductive tract. It is involved in the regulation of adipose tissue mass, food intake and body weight in neonatal and adult animals (Frederich et al., 1995; Masuzaki et al, 1997) . Recently it has been shown that leptin is produced by the chief cells in the stomach mucosa (Bado et al., 1998) , and that leptin receptors are widely distributed in the gastrointestinal tract, in particular in the stomach and small intestine (Morton et al., 1998) . Moreover, it has also been demonstrated that leptin is produced in the mammary gland and secreted into colostrum and milk (Casabiell et al., 1997; Smith-Kirwin et al., 1998; Aoki et al, 1999; Brogan et al., 1999) . The above can suggest that milk leptin can play a role in the development of the gastrointestinal tract in neonates. Since gastrointestinal motility is one of basic physiological functions directly responsible for digestion in neonatal pigs and calves (Zabielski and Naruse, 1999; Lesniewska et al., 2000) .
The purpose of our study was to investigate the role of exogenous leptin on gastrointestinal tract growth and small intestinal motility in neonatal piglets.
MATERIAL AND METHODS
Eight male neonatal piglets from 4 different litters in two experimental trials were purchased from a commercial pig farm. Each piglet was kept with its sow for 24 h after birth, and then transported to the laboratory. At the beginning of each trial, 4 piglets were kept together in one cage for approximately 12 h of adaptation. After the adaptation period, the piglets were placed in individual cages that provided social contact with other piglets. The animals were housed under a 12/12 h light/dark cycle and ambient temperature that decreased from 32 to 28°C during 6 days of the experiment to ensure a comfortable environment for the piglets.
Milk replacer formula for piglets (%: protein, 19.8; fat, 19.7; ash, 8.2 ; Milky Farm, Nukamel Olen, Belgium) was distributed to each piglet in equal amounts by means of an Artificial Sow (Research Center Foulum-model, Pig's oline, Boss' Produkter a/s, Denmark) according to an original method established by Lesniewska and Hedemann (unpublished) with our own further modifications. Body weight was measured every morning. All piglets were fed with milk replacer every 75 min (20 times per 24 h). Piglets were randomly divided into 2 groups: control group (n=5) and leptin group (n=3). Every 8 h the piglets received either 5 ml 0.9% NaCl (control group) or the same volume of NaCl containing leptin (Leptin Mouse Recombinant, Sigma, USA) via a stomach tube at a dose of 10 |Lig/kg of body weight (leptin group).
After six days of leptin or vehicle treatment, the animals were sacrificed by an overdose of pentobarbiturate (Vetbutal, Biowet, Poland) , and the entire gastrointestinal tract was removed for morphometric analysis and tissue sampling. The stomach and pancreas were weighed. The duodenum and mid-jejunum were immediately harvested and put into a +4°C Krebs-Henseleit (NaCl 118.0 mM, KC1 4.7 mM, CaCl 2 2.5 mM, MgS0 4 1.6 mM, NaHC0 3 24.3 mM, KH 2 P0 4 1.18 mM, glucose 5.6 mM) solution for 2 h incubation. After that, 2 cm whole thickness duodenal and mid-jejunum segments were mounted in an 4-channel automatic organ bath equipped with isotonic pressure transducers (Letica Scientific Instruments, Spain) and coupled to an acquisition data system (PowerLab/4e, ADInstruments, Australia) and PC computer for measuring smooth muscle isotonic contraction activity. During the first hour the intestinal segments were allowed to equilibrate in the Krebs-Henseleit buffer at 37°C, aerated with carbogen gas (95% 0 2 and 5% C0 2 ) with preload set at 0.75 g. Following recording of spontaneous contractile activity, the investigated segments were stimulated with graded doses of acetylcholine in a cumulative manner (from 10 10 to 10~4 M), washed three times with fresh buffer and finally relaxed with a single dose of isoproterenol (10~4 M). Contraction and relaxation amplitudes were measured with Chart v4.04 (ADInstrument, Australia) software and analyzed statistically (GraphPrism v 2.0, GraphPad Software, USA). Data are presented as means and their SEM.
RESULTS AND DISCUSSION
The paper presents the first description of the effect of exogenous leptin on gastrointestinal tract growth and in vitro intestinal motility of neonatal piglets. The concentration of leptin in the formula used in the present study was not measured since we do not have an appropriate assay at the moment. Nevertheless, based on human formula analyses reported by others (Houseknecht et al., 1997; SmithKirwin et al., 1998) it can be assumed that the concentration of leptin in the pig formula is small in comparison with sow colostrum and milk. The dose of leptin in the present study should be regarded as exceeding the physiological range. In the present study there were no differences in food intake between the control piglets and leptin piglets. There were also no differences in the final body weight (BW), i.e., 2.08±0.10 kg control vs 2.12±0.05 kg of leptin treated piglets. Results obtained from a study on neonatal rats fed with no suckling limits (Youan et al., 2000) , however, showed that administration of leptin significantly reduced weight. The lack of differences in body weight between the control and leptin-treated piglets resulted from a similar feed intake. Since access to the milk replacer was restricted in our study, we may speculate that leptin may reduce feed intake and body weight but only from a certain level.
In our study, morphometry analysis showed no change in duodenum and jejunum lengths, halved ileum length (P<0.001), reduced stomach empty weight relative to 1 kg BW (P<0.01), and reduced pancreas weight relative to 1 kg BW (PO.05) in leptin-treated piglets as compared with the control.
In the in vitro study on isolated intestinal segments we found many clear-cut differences in motility between the leptin-supplemented and control piglets. Namely, the duodenum segments from the leptin piglets showed markedly higher activity than those from the control piglets, and, in contrast, the mid-jejunum segments of the leptin piglets had a smaller activity than those from the control ones. This pattern concerned both the spontaneous activity (174% of the amplitude in the duodenum of control piglets, and 60% of the amplitude in the mid-jejunum of control piglets; Figure 1) , and the pharmacologically induced activities, i.e., stimulation with acetylcholine and relaxation with isoproterenol (Figures 2 and 3) . 
